Background
==========

Elderly individuals tend to become more vulnerable to infections and established infections tend to become more intractable and serious with high mortality rates \[[@B1]\]. Decreased immune function in addition to decreased physiological function due to aging might be causes \[[@B2]\]. Age-related changes to the lymphocyte immune system have been documented in detail and include changes in T cell phenotypes and effector functions as well as a reduced ability of B cells to produce antibody \[[@B3]\].

Furthermore, dysfunction among neutrophils that play an important role in initial protection against infections \[[@B4]\] might also lead to susceptibility. Although the numbers of neutrophils in blood and neutrophil precursors in the bone marrow and the chemotactic responses of neutrophils reportedly remain unchanged in healthy elderly, age adversely affects human neutrophil phagocytosis and bactericidal activity against opsonized *Staphylococcus aureus* and *E. coli*\[[@B5]\].

On the other hand, the relationship between immune function and chronic psychological stress has been examined mainly from the viewpoint of lymphocyte function \[[@B6]-[@B8]\]. Some reports have indicated that chronic psychological stress influences neutrophil function \[[@B9]-[@B11]\]. Graham and colleagues reported that chronic psychological stress not only mimics, but also exacerbates the effects of aging on immune functions, especially lymphocyte activity \[[@B12]\].

Thus, chronic psychological stress or life events among elderly individuals might noticeably decrease immune function and lead to an increased risk of infectious diseases.

However, very few reports have described relationships among neutrophil functions and chronic psychological stress or life events among elderly individuals.

The present study assesses these associations using the nitroblue tetrazolium (NBT) reduction test to measure neutrophil function in whole blood against *Staphylococcus aureus*\[[@B13]\]. Therefore, the opsonin effect is reflected in this assay.

Results
=======

Phagocytic activity relative to various parameters
--------------------------------------------------

We compared stress status and serum components between participants assigned to low and control groups according to median values of phagocytosis (particles/cell) (Table [1](#T1){ref-type="table"}). The magnitude of chronic stress to which the participants were exposed was considered mild according to the subjective stress and stressful event scores. The group with low phagocytosis had significantly more life events and higher life event scores than the control group (1.8 ± 1.5 vs. 1.1 ± 0.8, p \< 0 .01; 80.4 ± 62.1 vs. 55.5 ± 39.8, p \< 0.01, respectively). The NBT reduction rate in the low phagocytosis groups was significantly lower than that of control groups (38.5 ± 11.7 vs. 51.0 ± 13.9, p \< 0.05). Body mass index (BMI) and serum components did not significantly differ between the groups.

###### 

Relationships between phagocytosis and other parameters

   **Phagocytosis (particles/cell)**    **≥ 7.5**       **\< 7.5**
  ----------------------------------- -------------- ----------------
                   N                        40              41
                  Age                   73.9 ± 5.6      71.9 ± 6.0
             BMI (kg/m^2^)              23.7 ± 3.2      23.2 ± 3.8
           Stress parameters                         
         Subjective stress score        8.9 ± 6.4       10.2 ± 6.8
          Number of life events         1.1 ± 0.8      1.8 ± 1.5\*
          Score of life events         55.5 ± 39.8    80.4 ± 62.1\*
         Neutrophil functions                        
         Number of neutrophils          58.3 ± 7.6      60.0 ± 9.3
             (× 10^2^/mm^3^)                                 
         NBT reduction rate (%)        51.0 ± 13.9    38.5 ± 11.7^†^
     Serum biochemical parameters                    
                TP (g/dL)               7.1 ± 0.5       6.9 ± 0.5
                ALB (g/dL)              4.2 ± 0.3       4.2 ± 0.3
              T-CHO (mg/dL)            173.3 ± 32.3    174.8 ± 31.1
               TG (mg/dL)              120.7 ± 93.7    112.3 ± 65.7

Values are means ± SD. ^†^P \< 0.05, \*P \< 0.01.

Superoxide production relative to various parameters
----------------------------------------------------

The participants were assigned to groups according to NBT reduction rates and the parameters described above were compared (Table [2](#T2){ref-type="table"}). The amount of phagocytosis was significantly lower in the group with a low NBT reduction rate than in the control group (6.4 ± 1.7 vs. 9.4 ± 3.5, p \< 0.01). Although subjective stress scores, scores for life events, and the number of life events tended to be higher in the group with a low NBT reduction rate than in controls, the difference did not reach significance. Both BMI and serum components did not significantly differ between the groups.

###### 

Relationships between NBT reduction rates and other parameters

    **NBT reduction rate (%)**      **≥ 42**      **\< 42**
  ------------------------------ -------------- --------------
                N                      41             40
               Age                 73.8 ± 5.7     71.9 ± 6.0
          BMI (kg/m^2^)            23.6 ± 3.2     23.3 ± 3.8
        Stress parameters                       
      Subjective stress score      9.1 ± 6.5      9.9 ± 6.7
       Number of life events       1.3 ± 1.1      1.6 ± 1.4
       Score of life events       64.3 ± 47.1    72.2 ± 60.2
       Neutrophil functions                     
       Number of neutrophils       58.5 ± 8.4     60.3 ± 8.6
           (×10^2^/mm^3^)                       
   Phagocytosis (particle/cell)    9.4 ± 3.5     6.4 ± 1.7\*
   Serum biochemical parameters                 
             TP (g/dL)             7.0 ± 0.6      7.0 ± 0.5
            ALB (g/dL)             4.1 ± 0.3      4.2 ± 0.3
           T-CHO (mg/dL)          172.3 ± 34.0   176.0 ± 28.8
            TG (mg/dL)            118.2 ± 92.1   114.4 ± 65.8

Values are means ± SD. \*P \< 0.01.

Stepwise multiple regression analysis
-------------------------------------

Table [3](#T3){ref-type="table"} shows the results of stepwise multiple regression analysis using neutrophil function as a dependent parameter. The NBT reduction rate was excluded from independent parameters when phagocytosis was the dependent parameter because it induced considerably more neutrophilic superoxide production. The number of life events was selected as a significant independent parameter of phagocytosis (partial regression coefficient, -0.383, p \< 0.01), whereas phagocytosis was selected as significant independent parameter for the NBT reduction rate (partial regression coefficient, 0.473, p \< 0.01). Figure [1](#F1){ref-type="fig"} shows the relationship between the number of life events and phagocytic activity. Increasing numbers of life events tended to reduce phagocytic activity (without and with one, or two or more stress events: 8.5 ± 3.6 vs. 8.0 ±3.1 and 6.8 ± 1.4: p \< 0.05 among the groups).

###### 

Stepwise multiple regression analysis

                                **Dependent parameters**  
  ---------------------------- -------------------------- -------------
   **Independent parameters**                                    
     Subjective stress score               NS                  NS
      Number of life events             −0.383\*               NS
      Score of life events                 NS                  NS
      Number of neutrophils                NS                  NS
          Phagocytosis                     \-              0.473**\***

Values are partial correlation coefficients ; \*P \< 0.01. NS, not significant.

![Relationship between number of life events over the past 18 months and phagocytosis by neutrophils among elderly men.](1742-4933-9-13-1){#F1}

Discussion
==========

Effect of chronic psychological stress on immune functions among the elderly
----------------------------------------------------------------------------

Graham and colleagues reported that chronic psychological stress not only mimics, but also exacerbates the effects of aging on immune functions, especially lymphocyte activity \[[@B12]\].

The present findings of neutrophil function coincided with these phenomena, suggesting that chronic psychological stress significantly influences neutrophil function among the elderly. These results support the hypothesis that even a relatively mild degree of chronic psychological stress can cause neutrophil dysfunction in elderly persons.

Less phagocytosis is associated with higher scores and numbers of life events (Table [1](#T1){ref-type="table"}), but a higher score of life events was not related to phagocytosis in a stepwise multiple regression analysis (Table [3](#T3){ref-type="table"}). This might be attributable to the fact that these two parameters closely correlate but the latter is more suitable to the regression model for explaining neutrophil phagocytic activity. Thus, the number, rather than the type of life events experienced by the elderly might be more important for neutrophil function.

We previously found better neutrophil function in the elderly with, than without stress coping factors such as hobbies, religion, having a pet or maintaining close family ties \[[@B14]\]. Therefore, stress coping factors might be important to maintain neutrophil functions among elderly persons who experience stressful life events.

Phagocytosis correlated with a reduction in NBT (Tables [1](#T1){ref-type="table"}[3](#T3){ref-type="table"}). However, the association between NBT reduction rate and the number of life events was not remarkable (Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}), although the group with a low NBT reduction tended to experience more life events. The results of a mouse study of chronic psychological stress (crowding) were similar in that phagocytosis was significantly reduced but the effects on NBT reduction activity were not remarkable \[[@B15]\]. The findings of a human study of chronic stress were similar \[[@B9]\]. Although careful consideration is warranted, phagocytic activity might be more sensitive to chronic stress than NBT reductions.

Obesity and neutrophil functions
--------------------------------

No associations between neutrophil functions and serum biochemical factors or body mass index (BMI) were identified in the present study (Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). Since we previously reported that low serum total protein is associated with low neutrophil phagocytic activity in the elderly \[[@B14]\], we measured serum total protein and albumin levels. Obesity and related metabolic disorders affect immune functions. A recent study has found that changes in leptin and adiponectin levels accompanied by obesity are closely involved in immunosenescence \[[@B16]\]. Therefore, we measured serum lipid levels and the BMI of the participants. The results indicated no tendencies towards obesity or malnutrition among the elderly participants.

Humoral factors involved in neutrophil functions
------------------------------------------------

The phagocytic and sterilizing effects of neutrophils are easily affected by various humoral factors. For example, cortisol, which is elevated by stress, causes immunosenescence including neutrophil dysfunction \[[@B11],[@B17]\]. Because the NBT reduction test is used to measure neutrophil function in whole blood but not isolated neutrophils, these humoral factors including opsonin effect must be reflected in test results. Dysfunction/lack of antibody against the bacteria produced by B cells might also be attributed to dysfunctional neutrophil phagocytosis among elderly individuals who have experienced life events.

Health impact of neutrophil dysfunction
---------------------------------------

Trends between phagocytosis and NBT reduction rate coincided throughout the study (Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}). Bacterial phagocytosis induced neutrophilic superoxide production, which seems a highly purpose-adaptable phenomenon. Reduced neutrophil phagocytic activity is closely linked to decreased superoxide production, which might cause susceptibility in elderly individuals.

Neutrophil dysfunction due to aging and stress events might thus lead to the pathogenesis and progression of infection, with which chronic psychological factors have also been linked \[[@B18]\]. Thus the impact of neutrophil dysfunction caused by aging and chronic psychological stress on health outcomes needs to be demonstrated.

Limitations
-----------

This study has some limitations. Firstly, elderly female individuals were not included. Secondly, we did not measure cortisol and cytokine levels. Further studies are warranted to clarify the effect of stress-induced alterations in humoral factors on neutrophil functions in the elderly.

Conclusions
===========

Our findings indicated that neutrophil functions are significantly suppressed in elderly individuals exposed to chronic psychological stress due to life events.

Methods
=======

Study participants
------------------

Eighty-one men aged over 60 (72.8 ± 3.8) years who were members of a support group for senile individuals in Sayama city voluntarily provided written informed consent to participate in this study. The study proceeded in accordance with the ethical standards of the Declaration of Helsinki. Three men who were affected by colds or who received anti-influenza preparations on the day of survey were excluded.

Stress survey
-------------

The degree of subjective stress was examined using the Stress Check List for Self (SCL-S) developed by Katsura et al. in which scores of ≤ 10, 11 \~ 20 and ≥ 21 indicate mild, moderate and severe stress, respectively \[[@B19]\].

The number of stressful life events experienced during the past 18 months and total scores for life events were assessed according to The Social Read-Adjustment Rating Scale developed by Holmes et al. \[[@B20]\]. Forty-one life events are interpreted by the scores in this scale such as death of a spouse, 100 (maximum); divorce, 75 and a minor violation of law, of 11 (minimum). The sum of these scores is also evaluated as health impact; scores of \> 300, 150 \~ 299 and \< 150 indicate high, moderate and a slight risk of illness, respectively \[[@B20]\].

Serum biochemical analysis
--------------------------

Peripheral venous blood samples were obtained after the stress survey by antecubital venipuncture during the early morning after an overnight fast. After allowing the blood to clot at room temperature, serum samples were separated by centrifugation at 1,000 × g for 10 min and then serum total protein (TP), albumin (ALB), total cholesterol (T-CHO) and triglyceride (TG) were measured using the assay kits recommended for use with the Clinical Chemistry Analyzer GL-7000 (Shimadzu Co. Ltd., Tokyo).

Assays of neutrophil function
-----------------------------

The NBT reduction test \[[@B13]\] was performed continuously by incubating a mixture of whole blood, *Staphylococcus aureus* suspension and 0.1 % NBT (0.1 mL each) at 37°C for 20 min. Smears were immediately prepared thereafter on site and cells were visualized by May-Giemsa staining.

After the survey and the measurements, the ratio (%) of cells containing formazan crystals and the number of ingested bacteria in neutrophils were determined by microscopic examination in a blinded manner at our laboratory \[[@B21],[@B22]\].

Statistical analysis
--------------------

Statistical values are expressed as means ± SD and differences in variables between two groups were compared using a t-test. Values from three groups were compared using a one way ANOVA and the Bonferroni test. Stepwise multiple regression analysis included neutrophil functions as dependent parameters to calculate partial regression coefficients. P values of \< 0.05 were considered significant.
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